was supported vertically with a Tuohy needle (Steriseal) attached to the nozzle, which pointed downwards. A light horizontal bar surmounted the extended plunger and from this was suspended a container into which water could be added via a burette ( fig. 1 ). Sufficient fluid was added to initiate movement of the piston with complete travel down the barrel. In those tests in which the syringes were filled with saline, the fluid expelled as the plunger moved was diverted away from the container. The measured volume of water was added to the weight of the dry rig, thereby allowing determination of the total force applied. All experiments were carried out at room temperature (20-21 °C).
Each syringe was removed from its sterile pack, the plunger extended to the 10-ml mark and the force required to depress it fully measured. The piston was then worked back and forth the full length of the barrel to the 10-ml mark and the test repeated. This manoeuvre reflected the clinical practice of moving the plunger a number of times in order to " free " its travel. The piston was tested from halfway down (at the 7-8 ml mark depending on the make of syringe) and from two-thirds (at the 4-5 ml mark) of the way down the barrel. The empirical choice of these points followed the consideration that, before performing an extradural block, most anaesthetists would extend the plunger approximately to these points, according to the size of their hands.
Measurements were repeated with different syringes which had been filled with 0.9 % sodium chloride.
The descent of the plunger from the 10-ml mark was timed and its uniformity of travel assessed. The force applied and the speed and uniformity of travel were combined to allow a qualitative assessment of the syringes under test. The force applied was defined as "high" or "low" according to its relationship to the median value for all syringes in that particular test. Movement of the plunger was denned as "rapid" if travel was completed within 2 s and "slow" if it took longer than 5 s. These values were chosen because, apart from a small number of salinefilled syringes, none was actually timed at between 2 and 5 s, and this appeared to be a natural division which reflected two populations. Plunger travel was described broadly as "uniform" or "non-uniform" with syringes in which the piston stuck delineating a third category. Such a system helped definition of the characteristics of an individual syringe by allowing it to be placed into one of 12 possible groups, but this was regarded as too unwieldy to be of clinical value. For the purposes of a more useful qualitative assessment, therefore, each syringe was put into one of three groups. The "best" group was defined as that in which slow and uniform travel was initiated by a low force, or in which the syringe plunger moved freely without discernible resistance. The "worst" was defined as that in which rapid and uneven travel was initiated by a high force, or in which plunger travel was arrested, to be restarted only by the application of a further high force. It was considered that such syringes had an intrinsic resistance which could mask the loss of resistance of the tissues and thereby increase the likelihood of dural puncture. Syringes which did not satisfy the criteria for inclusion in either of these two groups were placed into an "intermediate" group. This category contained, for example, syringes in which slow, even travel required a high force, in addition to syringes in which rapid, uneven travel was initiated by a low force. Also included were those few syringes which were timed at between 2 and 5 s. It was felt that these and other possible combinations did not lend themselves to obvious ranking.
It was not assumed that the data were distributed normally, therefore they were analysed by means of multiple non-parametric statistical tests. Wilcoxon's rank sum test for paired data was used to compare the forces applied at different points on an individual syringe. Differences between groups of syringes were compared using the Mann-Whitney U test, for which two-tailed P values were obtained.
RESULTS
Different batches of all syringes were evaluated, but it was only in the case of Gillette Sabre that there was any difference (P < 0.005 when airfilled syringes were compared, P < 0.05 in the other two tests), and so results for both sets are given. The addition of 0.9 % sodium chloride resulted in a marked decrease in the force applied to Sherwood and to both batches of Gillette syringes (P < 0.01), while it increased the force needed to move the plunger of Braun syringes (P < 0.01). With the remaining makes there was minimal change. Overall, Sherwood Monoject required the application of less force than the other syringes tested (P < 0.001). There was no difference between B-D and Terumo syringes, which required less force than the remaining types (P < 0.01) (table I). The addition of saline to syringes did not alter this ranking; Sherwood syringes again required the least force (P < 0.0001).
The effect on force of working the syringe plunger back and forth in order to free its travel had little effect on Sherwood, Terumo, B-D or Steriseal syringes, but did improve travel in the case of Gillette and the glass syringes tested (/ > <0.01). With Braun Omnifix, however, an attempt to improve travel characteristics by working the plunger was accompanied by a substantial increase in the force exerted (P < 0.001). In each of the three tests the plastic and glass syringes required the application of greater forces than the Portex "Loss of Resistance" device (P < 0.0001). Table III outlines the forces applied at different points along the barrels of a proportion of the syringes tested. There were wide variations between makes. The point at which the least force needed to be applied was halfway down the barrel in the case of Sherwood and B-D syringes (P < 0.05), was at 10 ml for Terumo and Gillette (P < 0.05), and was two-thirds of the way down for Steriseal, Braun and glass syringes (P < 0.01, P < 0.05 and P < 0.01, respectively). Tables IV and V list the numbers of syringes which fell into the best, worst and intermediate groups. Only one of the Sherwood syringes tested failed to satisfy criteria for the best group, with none appearing in the worst. No B-D syringe appeared in this latter group, although rather more fell into the intermediate group. Of the other makes assessed, all had some syringes which could mimic loss of resistance according to the criteria defined above, Braun and glass performing least well in this regard. In general the addition of saline appeared to improve travel characteristics: this was true especially of Steriseal and Braun, but glass syringes were an exception. Similarly, the manoeuvre of working the plunger improved travel characteristics, and in particular decreased the number of syringes falling into the worst category. In all tests the Portex device came out well, with most appearing in the most favourable group and none falling into the worst.
DISCUSSION
The mishap of accidental dural puncture may have grave sequelae in rare cases; at the least it is an embarrassment which, in many obstetric units, may commit a mother to instrumental delivery. It is therefore a complication to be avoided. Bromage has written that "... sticky syringes are one of the commonest causes of accidental dural puncture " [2] , and he is not alone in emphasizing the importance of using high quality apparatus to detect the loss of resistance which, although quite definite, is of small magnitude [3, 5] . It is when that apparatus is considered in detail that difficulties arise. What are the properties of the ideal syringe used for this purpose? In the present evaluation of syringes, certain assumptions have been made, with the justification that they reflect clinical practice; it is recognized, nevertheless, that the classification into "best", "worst" and " intermediate " groups may seem arbitrary. However, we would argue that it seems reasonable to favour a syringe with a plunger that moves slowly and evenly in response to minimum force, and it seems prudent to avoid a syringe in which the plunger "gives" suddenly after the exertion of a higher force.
Do our findings allow a rational choice of equipment to be made ? Of all the apparatus tested the Portex Loss of Resistance Device appeared to perform the best. With the barrel filled with 0.9 % sodium chloride, the piston in 11 of the 15 devices tested descended slowly and evenly under the weight of the plunger alone (only 5 g). It should be noted, however, that this apparatus is not described as a syringe, because it does not conform to the British Standard Specification [6] , which includes a stringent leakage test for both air and fluid, and a tight seal between piston and barrel may prevent optimal gliding characteristics.
Three of the glass syringes tested also had pistons which ran freely under the weight of the plunger alone (17-18 g), but a high proportion of those evaluated either stuck-or required the application of a large force to initiate travel. In the most extreme case, this exceeded by a factor of almost 400 the force required to depress the plunger of the Portex device. Although a glass syringe may perform well when used to identify the extradural space, these results suggest that there is a wide variation between glass syringes which renders a proportion of them particularly unsuitable for that purpose. We examined reusable glass syringes which were supplied after repeated autoclaving by the hospital sterile supplies department. It should be recognized that new syringes, and in particular those which are presented as part of specifically designed "extradural packs", might well be more satisfactory.
Variation in performance also characterized some of the types of plastic syringe tested, and it may be that consistency and predictability are the most important features in seeking the most suitable apparatus. According to this argument, saline-filled Braun or Gillette syringes, 95% of which fell into the intermediate group, might be preferable to those makes such as Terumo or Steriseal in which syringes were categorized into both the best and the worst groups. BectonDickinson performed consistently better than these latter, but were less impressive than the Sherwood syringes, all but one of which could be placed in the most favourable group.
The use of saline rather than air appeared consistently to improve the travel characteristics of syringes, and this was true especially of Steriseal and Braun.
Not unexpectedly, an attempt to free the plunger by repeated movement improved the gliding properties of those syringes with greater intrinsic resistance (Braun, Gillette and glass), but in the case of the Braun syringes this manoeuvre increased the force needed to be applied. It had little effect on the other syringes evaluated.
This study aimed to evaluate plastic syringes which might be used in the detection of the extradural space by loss of resistance in a way which reflected the clinical situation, and which would permit a rational choice to be made. It did not, however, attempt to offer explanations for differences between syringes. The Portex Loss of Resistance Device is designed specifically for the purpose and, on the evidence of the sample tested, approaches the ideal more nearly than any other of the apparatus tested. Currently, however, each costs £1, compared with 5p for 10-ml plastic syringes. Of these plastic syringes, Sherwood Monoject were the most satisfactory according to our criteria, with Becton-Dickinson Plastipak performing marginally less well.
This was a bench study, albeit clinically orientated, and we should not wish to overstate the applicability of the findings. Nonetheless, we conclude that the study has identified differences between syringes which, while they may be of only modest significance to experienced anaesthetists, may make it much more difficult for the inexperienced to acquire skill and confidence in the performance of extradural blocks. Not every dural puncture results from the use of an unsuitable syringe, but if trainees and others could be presented with optimal equipment, an important contributory factor might be eliminated.
